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Description
[TECHNICAL FIELD]

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of priority based on Korean Patent Application No. 10-2018-0166747 filed
on December 20, 2018 with the Korean Intellectual Property Office, the full disclosure of which is incorporated herein
by reference.

[0002] The present invention relates to a filler containing a hyaluronic acid hydrogel, and more particularly to a filler
containing a hyaluronic acid hydrogel wherein a ratio oflift capability of an unit content (w/w%) of hyaluronic acid contained
in the filler relative to a modification degree (MoD) is high and thus, the filler exhibits excellent properties and has excellent
wrinkle improvement and tissue restoration capacity, and a method for preparing the same.

[BACKGROUND ART]

[0003] The tissue of the human skin maintains its structure through an extracellular matrix containing proteins such
as collagen or elastin, etc., and glycosaminoglycans. When a soft tissue defect occurs by external shock, diseases or
aging or the like, tissue enhancement such as soft tissue enhancementhas been used for medical and cosmetic purposes.
Such enhancement has been made surgically via plastic surgery, or the shape has been restored and corrected in a
non-surgical manner by injecting biological tissues or synthetic polymer chemicals into an affected site to increase and
expand the volume of soft tissue. In this case, a material which is inserted as a component similar to a skin tissue into
a specific site to augment soft tissue and thereby enlarge the volume of cheeks, lips, breast, hips, or the like for cosmetic
purposes, and which is used for wrinkle improvement or contour correction by reducing fine wrinkles and deep wrinkles
on the skin, is referred to as a material for soft tissue augmentation and also generally referred to as a dermal filler. The
first-generation dermal filler developed for the first time in connection with these fillers includes products such as Zyderm
and Zyplast produced by extracting animal-derived proteins, that is, animal proteins such as cows and pigs, and Cos-
moderm or Cosmoplast produced using human collagen. However, it is rarely used for surgical operation in recent years
because of a short duration of pharmaceutical effect and an inconvenience that a skin hypersensitivity test must perform
one month before the operation.

[0004] The second-generation filer is hyaluronic acid (also referred to as 'HA’) filler, which has a longer duration of
effectthan a collagen filler and is composed of N-acetyl-D-glucosamine and D-glucuronic acid, which are polysaccharides
similar to the elements that make up the human body. Accordingly, it has the advantage that it has few side effects such
as skin hypersensitivity reaction or the like, is easy to operate and remove, and can attract water to maintain skin moisture
and also maintain the volume and elasticity and thus is suitable as a skin filler.

[0005] However, hyaluronic acid itself has a short half-life of only a few hours in the human body, and its application
is limited, and therefore, studies have been conducted to increase the half-life (persistence in the body) of hyaluronic
acid via crosslinking. For example, U.S. Patent No. 4,582,865 discloses a crosslinked hyaluronic acid derivative using
divinyl sulfone (DVS) as a crosslinking agent, and the hydrogel form thereof has been marketed under the trade name
of Hylaform®. In addition, U.S. Patent No. 5,827,937 discloses a method for preparing crosslinked hyaluronic acid
derivatives by using a polyfunctional epoxy compound as a crosslinking agent, and among them, Restylane®, a
crosslinked hyaluronic acid in the form of a hydrogel prepared using 1,4-butanediol diglycidyl ether (BDDE) (crosslinking
agent) as a polyfunctional epoxy compound, is approved by the U.S Food and Drug Administration (FDA) and commer-
cially available worldwide as a filler.

[0006] Such crosslinked hyaluronic acid filler includes a filler made of a single phase (monophasic HA filler) and a
filler made of a bi-phase (biphasic HA filler). Since monophasic hyaluronic acid filler is prepared using a homogeneous
solution containing crosslinked hyaluronic acid, it has low elasticity and high cohesivity. Thus, when the monophasic
hyaluronic acid filler is injected into the skin, it is unlikely to detach from the injected site, but has a problem that the
injected shape cannot be maintained for a long time.

[0007] Biphasic hyaluronic acid fillers are prepared from crosslinked hyaluronic acid particles alone or prepared by
mixing with a non-crosslinked hyaluronic acid (non-treated, non-crosslinked hyaluronic acid, linear HA) similar to a liquid
phase, and thus, they generally have high elasticity and low cohesivity. Accordingly, when the biphasic HA fillers are
injected into the skin, the shape can be maintained for a long time, but there is a problem that the likelihood of detachment
from the injected site is high. A typical example of such a biphasic HA filler is Restylane® (Galderma) mentioned above.
[0008] Assuch,the monophasic HA fillers and the biphasic HA fillers have advantages and disadvantages, respectively,
and, there is an example in which the fillers are mixed so as to have all the properties of the conventional monophasic
hyaluronic acid filler and biphasic hyaluronic acid filler, but in such a case, the advantages of the monophasic hyaluronic
acid filler and the biphasic hyaluronic acid filler are rather reduced together, making them unsuitable as fillers. Therefore,
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there is a need for a filler capable of maintaining its shape for a long time while having a low possibility of detaching the
injected site.

[0009] Furthermore, in order to adjust the rheological properties such as elasticity and cohesivity of the crosslinked
hyaluronic acid and the degradation period in this way, the concentration of the hyaluronic acid reacted during the
preparation of the crosslinked product and the ratio of the crosslinking agent added must be adjusted from the beginning.
Further, in general, in order to improve the rheological properties or the degradation period, it is necessary to increase
the reaction concentration or add a large amount of a crosslinking agent. In this case, it is not easy to produce at a high
concentration, and itis difficult to completely remove the crosslinking agent added in a large amount during the purification
process, which may cause problems such as toxicity due to the remaining crosslinking agent.

[DETAILED DESCRIPTION OF THE INVENTION]
[Technical Problem]

[0010] The presentinvention has been designed to solve the problems encountered in the prior art, and it is an object
of the present invention to provide a filler containing a hyaluronic acid hydrogel which has excellent properties in both
elasticity and cohesivity that are indicators of the performance of the filler, makes it less likely to detach from the injected
site, can keep the shape for a long time, and has low content of crosslinking agent while having excellent effects such
as tissue restoration capacity and wrinkle improvement, and thus, exhibits excellent biocompatibility, and a biomaterial
for tissue repair containing the aforementioned hyaluronic acid hydrogel filler.

[0011] It is another object of the present invention to provide a method for producing such a filler.

[0012] Itis yet another object of the presentinvention to provide a method for tissue restoration or wrinkle improvement
using the aforementioned filler

[Technical Solution]

[0013] The presentinventors have conducted research to solve the problems of the prior art as described above, and
as a result, have found, unexpectedly, that when a ratio of lift capability of an unit content (w/w%) of hyaluronic acid
contained in the filler relative to a modification degree (MoD) indicates a specific range, both elasticity and cohesivity
are improved and thus, rheological properties of a high cohesivity of the monophasic filler and a high elasticity of the
biphasic filler are achieved at the same time. Furthermore, when the ratio of lift capability of the unit content (w/w%) of
hyaluronic acid contained in the filler relative to the modification degree indicates a specific range, the filler is easily
made into a desired form when injecting into the human body, sustains the shape for a desired period, exhibits excellent
filler properties that the filler component is not substantially migrated to other parts of the body, and can minimize toxic
problems capable of occurring in the body due to reduced use of crosslinking agents, and furthermore, it is possible to
reduce the likelihood of immune reactions and side effects by minimizing the modification of hyaluronic acid and main-
taining the hyaluronic acid molecule in a natural state. The present invention has been completed on the basis of such
findings.

[0014] As one aspect for achieving the object of the invention described above, the present invention relates to a filler
containing a hyaluronic acid hydrogel including hyaluronic acid, its salt or crosslinked hyaluronic acid, wherein a ratio
of lift capability of an unit content (w/w%) of the hyaluronic acid contained in the filler relative to a modification degree
(mol%) represents 60 to 180 ((Pa*N/(w/w)%)/mol%), and a method for wrinkle improvement and tissue restoration
including the step of injecting the same. That is, the lift capability with respect to the unit content (w/w%) and the
modification degree (mol%) of hyaluronic acid contained in thefiller, which can confirm excellentfiller properties according
to the present invention, is derived by dividing the hyaluronic acid weight ratio with respect to the total weight of the filler
containing the hyaluronic acid hydrogel and again dividing the resulting value by the modification degree as shown in
Equation 3 below.

[0015] Preferably, the filler is for injection to soft tissue, such as skin, and the filler may be used as a filler having filling
properties, for example, such as wrinkle improvement due to the filling of biological tissues and the filling of wrinkles,
remodeling of the face or contouring , or repair or increase in the volume of soft tissue.

[0016] Hereinafter, the present invention will be described in more detail.

[0017] The hyaluronic acid (hereinafter, also referred to as '"HA’) contained in the hyaluronic acid hydrogel including
in the filler of the present invention is a biopolymer material in which disaccharide units composed of N-acetyl-D-glu-
cosamine and D-glucuronic acid are linearly connected, and the hyaluronic acid is often present in a vitreous humor of
the eye, a synovial fluid of joints, rooster comb, and the like, and has excellent biocompatibility, and thus, has been
widely used in the medical care and medical instrument fields such as ophthalmic surgical aids, joint function improvers,
drug delivery materials, instillations, wrinkle improvers and the like, or in the cosmetics field.

[0018] In a preferred embodiment, the filler containing hyaluronic acid hydrogel according to the present invention
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may include 1 to 3% by weight of hyaluronic acid based on the total weight of the filler.

[0019] Further, the filler containing the hyaluronic acid hydrogel according to the present invention may further include
not only hyaluronic acid but also water, an anesthetic agent, or a combination thereof.

[0020] Specifically, the hyaluronic acid contained in the hyaluronic acid hydrogel according to the present invention
may refer to hyaluronic acid or a salt of hyaluronic acid. The salt of hyaluronic acid includes, for example, both inorganic
salts such as sodium hyaluronate, potassium hyaluronate, calcium hyaluronate, magnesium hyaluronate, zinc hyaluro-
nate, cobalt hyaluronic acid, and the like, and organic salts such as hyaluronic acid tetrabutylammonium or the like, but
is not limited thereto.

[0021] Further, the hyaluronic acid or a salt thereof may be crosslinked by a suitable crosslinking agent. The crosslinked
hyaluronic acid derivative may be a crosslinked product of hyaluronic acid or hyaluronic acid salt prepared by crosslinking
the hyaluronic acid itself or a salt thereof using a crosslinking agent. The hyaluronic acid hydrogel according to the
present invention includes a crosslinked product of hyaluronic acid. In the present invention, the crosslinking agent
includes the crosslinking agent itself or a crosslinking agent in a form that is reacted with hyaluronic acid and bonded
to the molecular of hyaluronic acid. The hyaluronic acid hydrogels according to the present invention exhibit low modi-
fication degree as mentioned below and include both crosslinked hyaluronic acid and non-crosslinked hyaluronic acid.
[0022] For the crosslinking, a method of using a crosslinking agent in the presence of an aqueous alkaline solution
may be used. The aqueous alkaline solution may be NaOH and KOH, preferably NaOH aqueous solution, but is not
limited thereto. In this case, the NaOH aqueous solution may be used at a concentration of 0.1 to 0.5 N. For the crosslinked
hyaluronic acid contained in the filler of the present invention, in particular, even when the crosslinking agent is used in
alow concentration and in a small amount, the ratio of lift capability of the unit content (w/w %) of hyaluronic acid contained
in the filler relative to the modification degree (mol%) of the crosslinked hyaluronic acid shows a specific range and thus
exhibits high rheological properties (elasticity, cohesivity).

[0023] The crosslinking agent may vary as a compound including two or more epoxy functional groups, and preferred
examples thereof include 1,4-butanediol diglycidyl ether (BDDE), ethylene glycol diglycidyl ether (EGDGE), 1,6-hexan-
ediol diglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, polytetramethylene glycol
diglycidyl ether, neopentyl glycol diglycidyl ether, polyglycerol polyglycidyl ether, diglycerol polyglycidyl ether, glycerol
polyglycidyl ether, tri-methylpropane polyglycidyl ether, 1,2-(bis(2,3-epoxypropoxy)ethylene, pentaerythritol polyglycidyl
ether, and sorbitol polyglycidyl ether. Among them, biepoxide-based 1,4-butanediol diglycidyl ether is particularly pre-
ferred in terms of having low toxicity.

[0024] In the present invention, the average molecular weight of the hyaluronic acid used in the crosslinking reaction
may be 2,000,000 Da or more, 2,300,000 Da or more, or 2,500,000 Da or more, for example, 2,000,000 to 4,000,000
Da, 2,300,000 to 4,000,000 Da, 2,000,000 to 3,700,000 Da, 2,200,000 to 3,700,000 Da, or 2,500,000 to 3,500,000 Da.
[0025] The term "lift capability" as used herein is also referred to as 'tissue restoration capacity’, and when the physical
property of the hydrogel is measured with a rheometer, and it can be expressed as a value obtained by multiplying a
storage elastic modulus reflecting elasticity and a cohesive force at tack test reflecting cohesivity. Specifically, it can be
expressed as in Equation 1 below.

[Equation 1]
Lift Capability (Pa*N) = Storage Elastic Modulus X

Cohesive Force

[0026] In Equation 1, the storage elastic modulus (G’) of the filler is the elasticity of the filler and the unit is Pascal
(Pa), and the cohesive force is a peak normal force measured by tack test, which involved stretching the samples axially
at a constant velocity, and the unit is N (newton).

[0027] In relation to the physical properties of the filler measured by the rheometer, the term "elasticity”, indicated by
the storage elastic modulus, refers to a property in which the shape changes when a force is applied to a material or an
object but returns to its original shape when the force is removed. The elasticity is represented by a storage elastic
modulus (G’), and the unit is Pascal (Pa). In a preferred embodiment, the hyaluronic acid hydrogel filler according to the
present invention exhibits an elasticity having a storage elastic modulus of about 400 to 800 Pa.

[0028] Further, the term "cohesivity" of the filler is an attractive force (adhesive force) acting between filler particles,
which means the property of allowing the filler particles to aggregate. As the cohesivity of the filler is higher, the force
capable of supporting the tissue into which the filler is injected is larger. In general, the cohesivity can be measured by
a tack test or the like, and the cohesive force under stretching at a constant speed after loading onto a rheometer is
measured, and the unit is N (newton). In a preferred embodiment, the hyaluronic acid hydrogel filler according to the
present invention exhibits a cohesivity of about 1.0 to 1.7 N.

[0029] The lift capability expressed as a product of elasticity and cohesivity which is measured by a rheometer is a
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capability of expanding or restoring the injected site of the filler. A high lift capability means that the tissue restoration
capacity is excellent and the migration of the filler after injection of the filler is small.

[0030] In the presentinvention, the lift capability of the hyaluronic acid hydrogel or the filler including the same is used
as a value obtained by multiplying the storage elastic modulus shown in Equation 1 and the cohesive force at tack test,
or can be expressed as the lift capability with respect to the content (w/w%) of hyaluronic acid contained in the filler.
[0031] In the filler containing a hyaluronic acid hydrogel according to one embodiment of the present invention, the
numerical value of the lift capability with respect to the unit content (w/w%) of hyaluronic acid contained in the filler may
indicate a range of 200 (Pa*N/w/w%) or more, 230(Pa*N/w/w%) or more, or 250 (Pa*N/w/w%) or more, for example, it
may indicate a range of 200 to 650(Pa*N/w/w%), 230 to 650(Pa*N/w/w%), 240 to 650(Pa*N/w/w%), 250 to
650(Pa*N/w/w%), 200 to 640(Pa*N/w/w%), 230 to 640(Pa*N/w/w%), 240 to 640(Pa*N/w/w%), 250 to 640(Pa*N/w/w%),
200 to 630(Pa*N/w/w%), 230 to 640(Pa*N/w/w%), 240 to 630(Pa*N/w/w%), or 250 to 630 (Pa*N/w/w%) .

[0032] Meanwhile, in the present invention, the term "modification degree (MoD)" is a ratio (mol%) of the number of
moles (n) of the crosslinking agent (e.g., BDDE) to the number of moles of the disaccharide unit (N-acetyl-D-glucosamine
(GlIcNAc) + D-glucuronic acid) which is a repeating unit of hyaluronic acid contained in the hyaluronic acid hydrogel
obtained by subjecting hyaluronic acid to a crosslinking treatment, and is calculated at stoichiometric ratio. The modifi-
cation degree (mol%) of the hyaluronic acid hydrogel may be represented by the following Equation 2.

[Equation 2]
Modification Degree (mol%) = (The number of moles of
the crosslinking agent / The number of moles of the (N-

acetyl-D-glucosamine + D-glucuronic acid)) * 100

[0033] In the present invention, in particular, hyaluronic acid hydrogels in the filler containing commercially available
hyaluronic acid hydrogels exhibit a modification degree of 6 mol% or more, whereas the hyaluronic acid hydrogel in the
fillers according to the present invention indicates a modification degree range of 5 mol% or less, 4 mol% or less,
preferably 2 to 5 mol%, 3 to 5 mol%, 2 to 4 mol%, or 3 to 4 mol%.

[0034] Preferably, the filler containing the hyaluronic acid hydrogel according to the present invention has the feature
that a value of the ratio of lift capability of the unit content (w/w%) of the hyaluronic acid contained in the filler relative to
the modification degree of the hyaluronic acid hydrogel has the above range, and thus, the filler has excellent filler
properties, specifically not only high cohesivity like monophasic fillers but also high elasticity like biphasic fillers, and
further, the content of the crosslinking agent is minimized and the modification of hyaluronic acid is minimized, and it
exhibits low immune response and potential side effects by maintaining hyaluronic acid molecules in a natural state to
the maximum.

[0035] Specifically, in the filler according to the present invention, the ratio of lift capability of the unit content (w/w%)
of the hyaluronic acid included in the filler relative to the modification degree of the filler is expressed by Equation 3 below.

[Equation 3]
Lift Capability per Hyaluronic Acid Unit Content and

Modification Degree = A / B

[0036] In Equation 3, A is a lift capability with respect to the unit content (w/w%) of hyaluronic acid contained in the
filler, and B means the modification degree of the filler according to Equation 2.

[0037] In addition, the hyaluronic acid particles, preferably crosslinked hyaluronic acid particles, in the filler containing
the hyaluronic acid hydrogel according to the present invention may exhibit various shapes. Further, the average diameter
of such particles may be 300 to 400 pum.

[0038] In a preferred embodiment, the filler containing hyaluronic acid hydrogel according to the present invention
may include 1 to 3% by weight, preferably 1.5 to 2.5% by weight of hyaluronic acid relative to the total weight of the filler.
In addition, the filler containing the hyaluronic acid hydrogel according to the present invention may further include not
only hyaluronic acid but also water, an anesthetic agent, or a combination thereof.

[0039] The anesthetic agent include one or more types of anesthetic agents known in the art, preferably topical
anesthetic agents, and the concentration of one or more anesthetic agent is in an amount effective to mitigate pain
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experienced upon injection of the composition. Examples of the anesthetic agent can be selected from the group con-
sisting of ambucaine, amolanone, amylocaine, benoxinate, benzocaine, betoxycaine, biphenamine, bupivacaine, buta-
caine, butamben, butanilicaine, butethamine, butoxycaine, carticaine, chloroprocaine, cocaethylene, cocaine, cyclom-
ethycaine, dibucaine, dimethisoquin, dimethocaine, diperodon, dycyclonine, ecgonidine, ecgonine, ethyl chloride, eti-
docaine, beta-eucaine, euprocin, fenalcomine, fomocaine, hexylcaine, hydroxytetracaine, isobutyl p-aminobenzoate,
leucinocaine mesylate, levoxadrol, lidocaine, mepivacaine, meprylcaine, metabutoxycaine, methyl chloride, myrtecaine,
naepaine, octocaine, orthocaine, oxethazaine, parethoxycaine, phenacaine, phenol, piperocaine, piridocaine, polidoca-
nol, pramoxine, prilocaine, procaine, propanocaine, proparacaine, propipocaine, propoxycaine, pseudococaine, pyrro-
caine, ropivacaine, salicyl alcohol, tetracaine, tolycaine, trimecaine, zolamine, and salts thereof. In one embodiment,
the anesthetic agent may be lidocaine, for example, in the form of lidocaine hydrochloride.

[0040] In the filler containing a hyaluronic acid hydrogel according to the present invention, the concentration of the
anesthetic agent included in the filler may be about 0.1% to about 1.0% by weight based on the total weight of the filler,
for example, about 0.2% to about 0.5% by weight of the composition. Preferably, it may be 0.3% by weight.

[0041] Further, the concentration of the anesthetic agent in the composition described herein can be therapeutically
effective, which means that it is the concentration adequate to provide a therapeutic benefit in terms of convenience of
surgical operation and patient compliance without inflicting harm to the patient.

[0042] The filler according to the present invention may further include a buffer, and any buffer may be used without
limitation as long as it is used in the preparation of hyaluronic acid hydrogel. Preferred examples of such buffer include
at least one buffer selected from the group consisting of citric acid, sodium hydrogen phosphate, sodium dihydrogen
phosphate, acetic acid, diethyl barbituric acid, sodium acetate, tris (hydroxymethyl)methylamino)propanesulfonic acid)
(TAPS), 2-bis(2-hydroxyethyl)amino)acetic acid (Bicine), tris (hydroxymethyl)ammonium methane (Tris), N-(2-hydroxy-
1,1-bis (hydroxymethyl)ethyl)glycine (Tricine), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 2-[[1,3-di-
hydroxy-2-(hydroxymethyl)propan-2-ylJamino]methanesulfonic acid (TES), and piperazine-N,N’-bis(2-ethanesulfonic
acid) (PIPES), butis notlimited thereto. The content of the components included in the buffer solution may be appropriately
adjusted, and may be preferably contained at a concentration of 0.3 to 2.0 g/L relative to the buffer.

[0043] Further, the filler according to the present invention may further include an isotonic agent, and such an isotonic
agent may be used without limitation as long as it is used for the preparation of hyaluronic acid hydrogel, and may be
included in a buffer. As the preferred isotonic agent, sodium chloride may be used, but the isotonic agent is not limited
thereto. The content of the isotonic agent may be appropriately adjusted as necessary, and may be contained in an
amount of, for example, 7.0 to 9.0 g/L relative to the buffer, but is not limited thereto.

[0044] In one embodiment according to the present invention, a buffer containing sodium chloride, sodium hydrogen
phosphate, and sodium dihydrogen phosphate in water for injection are used.

[0045] In an additional aspect, the filler containing the hyaluronic acid hydrogel according to the present invention may
further include acceptable components which can be included in the preparation of the filler, in addition to the aforemen-
tioned components.

[0046] Furthermore, the present invention is characterized in that the residual crosslinking agent is not substantially
included in the hyaluronic acid filler having a high parameter value according to Equation 3, and the residual crosslinking
agent is preferably contained in an amount of 0.5 ppm or less, which is the limit of detection. The filler containing the
hyaluronic acid hydrogel according to the present invention exhibits excellent properties in terms of elastic properties,
cohesivity, biocompatibility and toxicity by having the characteristic parameter according to Equation 3 in the range of
60 to 180, and thus, can be very effectively used for cosmetic or therapeutic purposes. As a specific example, the filler
containing the hyaluronic acid hydrogel may be used for wrinkle improvement due to the filling of biological tissues and
the filling of wrinkles, remodeling of the face, or repairing or increasing the volume of soft tissues such as lips, nose,
hips, cheeks or breasts. The filler containing hyaluronic acid hydrogel may be administered in a dosage form suitable
for such purposes, and may preferably be an injection.

[0047] In another aspect, the present invention relates to a method for preparing a filler containing a hyaluronic acid
hydrogel having high viscoelasticity and cohesiveness as described above, the method including the steps of:

(a) putting hyaluronic acid or a salt thereof into a crosslinking agent and an aqueous alkaline solution, stirring and
then reacting the mixture to prepare a crosslinked hyaluronic acid hydrogel;

(b) roughly cutting the hyaluronic acid hydrogel prepared in step (a);

(c) preparing a buffer solution;

(d) washing and swelling the cut hyaluronic acid hydrogel prepared in step (b) using the buffer solution prepared in
step (c);

(e) crushing the hyaluronic acid hydrogel washed and swollen in step (d); and

(f) filling the hydrogel prepared in step (e) into a syringe and then sterilizing it.

[0048] Step (a) is a step of crosslinking a hyaluronic acid or a salt thereof using a crosslinking agent in an aqueous
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alkaline solution phase to prepare a crosslinked hyaluronic acid hydrogel, and with respect to the matters relating to a
hyaluronic acid or salts thereof, a crosslinking agent, and a crosslinked hyaluronic acid hydrogel, those mentioned in
the filler including the hyaluronic acid hydrogel can be similarly applied.

[0049] In particular, the method for preparing a filler containing a hyaluronic acid hydrogel according to the present
invention is characterized by using a polymer hyaluronic acid having an average molecular weight of 2,000,000 Da or
more, 2,300,000 Da or more, or 2,500,000 Da or more, for example, 2,000,000 to 4,000,000 Da, 2,300,000 to 4,000,000
Da, 2,000,000 to 3,700,000 Da, 2,200,000 to 3,700,000 Da, or 2,500,000 to 3,500,000 Da. Further, the aqueous alkaline
solution can be used without limitation as long as it is known as an aqueous alkaline solution suitable for the preparation
of hyaluronic acid hydrogel. For example, it may be NaOH, KOH, NaHCO,, LiOH or a combination thereof, preferably
NaOH. The concentration of the aqueous alkaline solution may be 0.1 to 0.5N, but is not limited thereto. When using
hyaluronic acid in the molecular weight range as described above, the effect of degradation in the aqueous alkaline
solution for crosslinking is relatively small, and thus, crosslinked hyaluronic acid gel having strong physical properties
can be prepared.

[0050] Further, the method for preparing afiller containing a hyaluronic acid hydrogel according to the presentinvention
is characterized in that hyaluronic acid or a salt thereof reacts at a high concentration. Specifically, the concentration of
hyaluronic acid or a salt thereof is 10 to 25% by weight based on the total weight of the mixture of the aqueous alkaline
solution, and the concentration of the crosslinking agentis 1 to 10 mol% relative to the unit of the above added hyaluronic
acid or salt thereof. When the concentration of the crosslinking agent is used at a high concentration exceeding the
above range, filler with excessively high elasticity is obtained. When the concentration is less than the above range, the
elasticity is excessively low, thus being unable to exhibit proper viscoelasticity. Specifically, step (a) may be performed
by mixing hyaluronic acid or a salt thereof with a crosslinking agent and an aqueous alkaline solution, stirring and
homogeneously mixing the mixture. The crosslinking reaction can be performed at room temperature or higher, preferably
at a temperature ranging from 25 to 40°C for 15 to 22 hours.

[0051] Asforthe cutting step, various known cutting steps of hyaluronic acid hydrogel can be used. In one embodiment,
the crosslinked gel prepared after the reaction can be obtained in the shape of a cake, and this can be divided into half-
moon shapes using a cutter such as straw cutter, for example, and divided into six. Thereafter, the cutting process can
be performed by passing the gel divided as described above (preferably two or more times) using a rough cutting machine
having a constant interval of the blade edges.

[0052] Step (c)is a step of preparing a buffer solution used to wash and swell the crosslinked hyaluronic acid hydrogel
cut in step (b), and the buffer solution can be prepared according to the method for preparing a known buffer solution.
In addition, the buffer solution may further include an anesthetic agent. In one specific embodiment of the present
invention, the buffer solution was prepared by dissolving sodium monohydrogen phosphate (12 hydrate), sodium dihy-
drogen phosphate monohydrate (monohydrate), sodium chloride, and lidocaine hydrochloride in a buffer tank containing
water for injection. The buffer solution may be used without limitation as long as it is used for the preparation of hyaluronic
acid hydrogel. Preferred examples of such buffer solution include at least one buffer solution selected from the group
consisting of citric acid, sodium hydrogen phosphate, sodium dihydrogen phosphate, acetic acid, diethyl barbituric acid,
sodium acetate, tris(hydroxymethyl)methylamino)propanesulfonic acid) (TAPS), 2-bis(2-hydroxyethyl)amino)acetic acid
(Bicine), tris(hydroxymethyl)ammonium methane (Tris), N-(2-hydroxy-1,1-bis (hydroxymethyl)ethyl)glycine (Tricine),
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 2-[[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino]
methanesulfonic acid (TES), and piperazine-N,N’-bis(2-ethanesulfonic acid) (PIPES), but is not limited thereto.

[0053] Step (d)is a step of washing and swelling the crosslinked hyaluronic acid hydrogel cut in step (b) with the buffer
solution prepared in step (c), and this step (d) may be repeated one or more times. When the washing and swelling are
completed, the washing liquor can be removed.

[0054] Step (e)is a step of crushing the washed and swollen hydrogel, and this crushing may be performed by various
crushing methods, but is preferably extrusion.

[0055] In an additional embodiment, the hydrogel prepared after step (e) may be subjected to processes such as
sterilization and/or defoaming. It can be quantitatively filled, sealed and sterilized in a suitable container such as a syringe.

[ADVANTAGEOUS EFFECTS]

[0056] Since the filler according to the present invention has a numerical characteristic of the lift capability of the unit
content (w/w%) of the hyaluronic acid contained in the filler relative to the specific modification degree, it exhibits improved
high viscoelastic properties, has the advantages of monophasic hyaluronic acid hydrogel fillers and biphasic hyaluronic
acid hydrogel fillers together, and thus exhibits high tissue restoration properties. In addition, when injected into the skin,
not only it maintains its shape for a long time while having a low possibility of migration, but also it can minimize the
modification of hyaluronic acid due to the use of a minimal crosslinking agent and can maintain the hyaluronic acid
molecule in a natural state and reduce the immune response and the possibility of side effects, and is excellent in
restoration or volume expansion and wrinkle-improving properties of softtissue such as cheek, breast, nose, lips, and hips.



10

15

20

25

30

35

40

45

50

55

EP 3 900 751 A1
[DETAILED DESCRIPTION OF THE EMBODIMENTS]

[0057] Hereinafter, the presentinvention will be described in more detail by way of Examples. However, these Examples
are given for illustrative purposes only, and the scope of the invention is not limited to or by these Examples.

[EXAMPLE]

Example 1: Preparation 1 of Filler Containing Hyaluronic Acid Hydrogel According to the Present Invention

[0058] In order to prepare a filler containing the hyaluronic acid hydrogel according to the present invention, the
following process was carried out.

[0059] Sodium hyaluronate having a molecular weight of 2.5 MDa to 3.5 MDa, sodium hydroxide, and 1,4-butanediol
diglycidyl ether (BDDE) were weighed. During the reaction, the concentration of sodium hyaluronate was 16 wt%, and
the mol% of BDDE was 4% relative to the unit of sodium hyaluronate added. Separately, a sodium hydroxide (NaOH)
aqueous solution at a concentration of 0.25 N was prepared and filtered. The weighed sodium hyaluronate, 0.25N sodium
hydroxide aqueous solution, and 1,4-butanediol diglycidyl ether (BDDE) were put in a mixer tank and mixed homoge-
neously, and the mixer tank was placed in a constant temperature water bath and reacted overnight at a temperature
of 30°C to complete a crosslinking reaction. Thereafter, the crosslinked hyaluronic acid hydrogel after the reaction was
roughly cut. Meanwhile, salts and anesthetic agents were dissolved at a concentration of 1.26 g/L of sodium hydrogen
phosphate hydrate (dodecahydrate), 0.46 g/L of sodium dihydrogen phosphate monohydrate (monohydrate), 7 g/L of
sodium chloride and 3 g/L of lidocaine hydrochloride in a buffer tank containing water for injection to prepare a buffer
solution.

[0060] Some of the buffer solution was used as a primary buffer solution and transferred to a washing tank through a
0.22 um filter. The roughly cut hyaluronic acid hydrogel previously prepared was transferred to a washing tank containing
a primary buffer solution and then stirred. The hyaluronic acid hydrogel was subjected to a primary washing and swelling,
and then, when the swelling was completed, the washing solution was removed. Subsequently, the secondary buffer
solution was transferred to a washing tank through a 0.22 um filter and then stirred, and the hydrogel was subjected to
a secondary washing and swelling, and then, when the washing and swelling were completed, the washing solution was
removed. Thereafter, the tertiary buffer solution was transferred to a washing tank through a suitable 0.22 um filter and
then stirred, and the hyaluronic acid hydrogel was subjected to a third washing and swelling. Then, when the washing
and swelling were completed, the washing solution was removed.

[0061] After completion of the third washing and swelling, it was confirmed whether the pH of the washing solution
was in the neutral range, and the hyaluronic acid hydrogel subjected to the washing and swelling was crushed and then
transferred to an extruder tank to measure a weight, the buffer solution was added so that the weigh of gel reaches a
target weight, and a primary content correction was performed. When the primary content correction was completed,
the hyaluronic acid hydrogel was crushed and transferred to the extruder tank. Thereafter, the crushed hyaluronic acid
hydrogel was transferred to a heat treatment tank and homogenized, after which the content was measured, and the
buffer solution was added thereto to perform a secondary content correction. The hyaluronic acid hydrogel after the
secondary content correction was heat-treated at a temperature of 121°C or more for at least 1 minute, and degassing
was performed by stirring the hyaluronic acid hydrogel under reduced pressure before loading into a syringe. Thereafter,
the hyaluronic acid hydrogel was vacuum-filled to each syringe by a predetermined amount and stoppered with a rubber
stopper at the same time. The filled syringe was steam sterilized for at least 8 minutes at a temperature of 121°C or
higher in the final sterilizer.

Example 2: Preparation 2 of Filler Containing Hyaluronic Acid Hydrogel According to the Present Invention

[0062] In order to prepare a filler containing the hyaluronic acid hydrogel according to the present invention, the
following process was carried out.

[0063] Sodium hyaluronate having a molecular weight of 2.5 MDa to 3.5 MDa, sodium hydroxide, and 1,4-butanediol
diglycidyl ether (BDDE) were weighed. During the reaction, the concentration of sodium hyaluronate was 15 wt%, and
the mol% of BDDE was 4% relative to the unit of sodium hyaluronate added. Separately, a sodium hydroxide (NaOH)
aqueous solution at a concentration of 0.25 N was prepared and filtered. The weighed sodium hyaluronate, 0.25N sodium
hydroxide aqueous solution, and 1,4-butanediol diglycidyl ether (BDDE) were put in a mixer tank and mixed homoge-
neously, and the mixer tank was placed in a constant temperature water bath and reacted overnight at a temperature
of 30°C to complete a crosslinking reaction. Thereafter, the crosslinked hyaluronic acid hydrogel after the reaction was
roughtly cut. Meanwhile, salts and anesthetic agents were dissolved at a concentration of 1.26 g/L of sodium hydrogen
phosphate hydrate (dodecahydrate), 0.46 g/L of sodium dihydrogen phosphate monohydrate (monohydrate), 7 g/L of
sodium chloride and 3 g/L of lidocaine hydrochloride in a buffer tank containing water for injection to prepare a buffer
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solution.

[0064] Some of the buffer solution was used as a primary buffer solution and transferred to a washing tank through a
0.22 umfilter. The roughtly cut hyaluronic acid hydrogel previously prepared was transferred to a washing tank containing
a primary buffer solution and then stirred. The hyaluronic acid hydrogel was subjected to a primary washing and swelling,
and then, when the swelling was completed, the washing solution was removed. Subsequently, the secondary buffer
solution was transferred to a washing tank through a 0.22 um filter and then stirred, and the hydrogel was subjected to
a secondary washing and swelling, and then, when the washing and swelling were completed, the washing solution was
removed. Thereafter, the tertiary buffer solution was transferred to a washing tank through a suitable 0.22 pm filter and
then stirred, and the hyaluronic acid hydrogel was subjected to a third washing and swelling. Then, when the washing
and swelling were completed, the washing solution was removed.

[0065] After completion of the third washing and swelling, it was confirmed whether the pH of the washing solution
was in the neutral range, and the hyaluronic acid hydrogel subjected to the washing and swelling was crushed and then
transferred to an extruder tank to measure a weight, the buffer solution was added so that the weight of gel reaches a
target weight, and a primary content correction was performed. When the primary content correction was completed,
the hyaluronic acid hydrogel was crushed and transferred to the extruder tank. Thereafter, the crushed hyaluronic acid
hydrogel was transferred to a heat treatment tank and homogenized, after which the content was measured, and the
buffer solution was added thereto to perform a secondary content correction. The hyaluronic acid hydrogel after the
secondary content correction was heat-treated at a temperature of 121°C or more for at least 1 minute, and degassing
was performed by stirring the hyaluronic acid hydrogel under reduced pressure before loading into a syringe. Thereafter,
the hyaluronic acid hydrogel was vacuum-filled to each syringe by a predetermined amount and stoppered with a rubber
stopper at the same time. The filled syringe was steam sterilized for at least 10 minutes at a temperature of 121°C or
higher in the final sterilizer.

Experimental Example 1: Investigation of Parameters Based on Equation 3 of Filler Comprising Hyaluronic Acid
Hydrogel Prepared According to the Present Invention

[0066] The rheological properties of the prepared Examples 1 and 2 were analyzed using a rheometer. For comparison
with the filler of the present invention, the elastic properties of a commercially available filler formulation including
hyaluronic acid hydrogel were also analyzed and compared. The commercially available filler formulations and analysis
conditions as Comparative Examples 1 to 10 are as follows.

<Comparative Examples 1 to 10>
[0067]

Comparative Example 1: Juvederm Volift with Lidocaine
Comparative Example 2: Juvederm Voluma with Lidocaine
Comparative Example 3: Stylage M Lidocaine

Comparative Example 4: Stylage L Lidocaine

Comparative Example 5: Stylage XL Lidocaine

Comparative Example 6: Teosyal PureSense Deepline Lidocaine
Comparative Example 7: Teosyal PureSense Ultradeep Lidocaine
Comparative Example 8: Teosyal PureSense Ultimate Lidocaine
Comparative Example 9: Belotero Intense Lidocaine

Comparative Example 10: Belotero Volume Lidocaine

<Analysis Condition>

Analysis condition of storage elastic modulus(G’)

[0068]

(1) Test instrument: Rheometer (Anton Paar Ltd., MCR301) Oscillatory and Rotational Rheometer
(2) Frequency: 1 Hz

(3) Temperature: 25 °C

(4) Strain: 4 %

(5) Measuring geometry: 25 mm plate/plate

(9) Measuring gap: 1.0 mm
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Analysis condition of cohesive force according to Tack test

[0069]

(1) Test instrument: Rheometer (Anton Paar Ltd., MCR301) Oscillatory and Rotational Rheometer
(2) Gap: Initial position: 1.0 mm, Final position: 15 mm

(3) Speed: 0.93 mm/s

(4) Temperature: 25 °C

(5) Measuring geometry: 25 mm plate/plate

Analysis condition of modification degree)

[0070]

(1) Test instrument: FT-NMR System (Jeol Ltd., ECA500/ECZ400S),
(2) Pulse: 30°

(3) Scans: 512

(4) Relaxation time (delay): 5s

(5) Temperature: 25 °C

[0071] Under the above analysis conditions, the storage elastic modulus (G’) for each frequency, and the cohesivity
measured by Tack test are shown in Table 1 below. In addition, the lift capability were calculated from the storage elastic
modulus and the cohesivity based on Equation 1, and the modification degree was calculated according to Equation 2.
Based on this, the lift capability of the unit content (w/w%) of the hyaluronic acid contained in the filler relative to the
modification degree according to Equation 3 was calculated, and then the results of each numerical value are shown in
Table 1 below.
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[0072] As can be seen through Table 1, it was confirmed that the parameter according to Equation 3 of the filler
containing a hyaluronic acid hydrogel according to the present invention shows 71.3 and 177.7 Pa*N/(w/w)%)/mol%,
whereas other commercially available fillers of Comparative Examples 1 to 9 show numerical values of 9.2 to 23.4 Pa
*N/(wiw)%)/mol%). That is, it can be seen that the filler containing a hyaluronic acid hydrogel according to the present
invention shows the difference in the parameter values according to Equation 3 of at least 3 times (Example 2 compared
to Comparative Example 5), up to 19 times (Example 1 compared to Comparative Example 9) as compared with the
other commercially available fillers. It was confirmed that for Comparative Examples 1 to 10, numerous fillers are also
not higher in the lift capability as compared with Examples 1 and 2, and that there are some comparative examples in
which the lift capability show the same numerical values as in Example 2, but the numerical values of the modification
degree are high, and thus, the actual parameters according to Equation 3 drop significantly.

[0073] Taken together, it could be confirmed that Examples 1 and 2 according to the present invention exhibit high
parameter values according to Equation 3, that is, high lift capability of the unit content (w/w%) of hyaluronic acid
contained in the filler relative to the modification degree. Thus, not only the filler exhibits significant physical properties
but also it exhibits low modification degree. As can be seen from these, the use of a small amount of the crosslinking
material can reduce the possibility of side effects which may occur due to the crosslinking agent during the injection of
the filler in the body and thus is most suitable as a filler for injection into a human body.

Claims
1. Afiller comprising a hyaluronic acid hydrogel including hyaluronic acid, hyaluronic acid salt or crosslinked hyaluronic
acid,

wherein a ratio of lift capability of an unit content (w/w%) of the hyaluronic acid contained in the filler relative to a
modification degree (mol%) represents 60 to 180 ((Pa*N/(w/w)%)/mol%) in accordance with Equation 3 below.

[Equation 3]
Lift Capability per Hyaluronic Acid Unit Content and

Modification Degree = A / B

wherein, A represents a value obtained by dividing a lift capability represented by Equation 1 below by the unit
content *w/w%) of hyaluronic acid contained in the filler, and B represents a modification degree represented by
Equation 2 below.

[Equation 1]

Lift Capability (Pa*N) = Storage Elastic Modulus X
Cohesive Force

[Equation 2]

Modification degree (mol%) = (mole number of total
crosslinking agent bonded to the entire hyaluronic acid
molecule / the number of moles of total (N-acetyl-D-
glucosamine + D-glucuronic acid)) * 100

2. The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, wherein the A value
represents 200 to 650 ((Pa*N/(w/w)%)/mol%).

3. Thefiller comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, wherein the B value
represents a modification degree of 2 to 5 mol%.
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The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, wherein the storage
elastic modulus represents 400 to 800 Pa, and the cohesive force represents 1.0 to 1.7 N as measured by Tack test.

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, wherein the filler has
all the properties of the monophasic hyaluronic acid filler and biphasic hyaluronic acid filler

Thefiller comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, wherein the hyaluronic
acid is a crosslinked hyaluronic acid.

Thefiller comprising a hyaluronic acid hydrogelincluding hyaluronic acid according to claim 6, wherein the crosslinked
hyaluronic acid is obtained by crosslinking a hyaluronic acid having a molecular weight of 2,500,000 Da or more,
or its salt.

Thefiller comprising a hyaluronic acid hydrogelincluding hyaluronic acid according to claim 6, wherein the crosslinked
hyaluronic acid is obtained by crosslinking with at least one crosslinking agent selected from the group consisting
of 1,4-butanediol diglycidyl ether (BDDE), ethylene glycol diglycidyl ether (EGDGE), 1,6-hexanediol diglycidyl ether,
propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, polytetramethylene glycol diglycidyl ether,
neopentyl glycol diglycidyl ether, polyglycerol polyglycidyl ether, diglycerol polyglycidyl ether, glycerol polyglycidyl
ether, tri-methylpropane polyglycidyl ether, 1,2-(bis(2,3-epoxypropoxy)ethylene, pentaerythritol polyglycidyl ether,
and sorbitol polyglycidyl ether.

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 8, wherein the crosslink-
ing agent is 1,4-butanediol diglycidyl ether (BDDE).

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 8, wherein the crosslink-
ing agent remains in an amount of 0.5 ppm or less.

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 1, further comprising
an anesthetic agent.

Thefiller comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 11, wherein the anesthetic
agent is lidocaine or a salt thereof.

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 11, wherein the filler is
for skin injection.

The filler comprising a hyaluronic acid hydrogel including hyaluronic acid according to claim 11, wherein the filler is
for wrinkle improvement, soft tissue restoration or volume expansion, or contouring.

A method for preparing a filler comprising a hyaluronic acid hydrogel according to any one of claims 1 to 14, the
method including the steps of:

(a) putting hyaluronic acid or a salt thereof into a crosslinking agent and an aqueous alkaline solution, stirring
the mixture to prepare a crosslinked hyaluronic acid hydrogel;

(b) roughtly cutting the hyaluronic acid hydrogel prepared in step (a);

(c) preparing a buffer solution;

(d) washing and swelling the roughtly cut hyaluronic acid hydrogel prepared in step (b) using the buffer solution
prepared in step (c);

(e) Crushing the hyaluronic acid hydrogel washed and swollen in step (d); and

(f) filling the hydrogel prepared in step (e) into a syringe and then sterilizing it.

The preparation method according to claim 1, wherein the aqueous alkaline solution is an aqueous solution of
NaOH, KOH, NaHCOg, LiOH or a combination thereof.

The preparation method according to claim 15, wherein the aqueous alkaline solution has a concentration of 0.1N
to 0.5N.

The preparation method according to claim 15, wherein the crosslinking agent is 1,4-butanediol diglycidyl ether.
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The preparation method according to claim 15, wherein the concentration of the hyaluronic acid of a salt thereof is
a weight ratio of hyaluronic acid or a salt thereof relative to the total weight of the mixture of the hyaluronic acid or
a salt and an alkaline aqueous solution, and is 10 to 25% by weight.

The preparation method according to claim 15, wherein the step (a) is performed at 25 to 40°C for 15 to 22 hours.
The preparation method according to claim 15, wherein the buffer solution of the step (c) includes at least one
selected from the group consisting of citric acid, sodium hydrogen phosphate, sodium dihydrogen phosphate, acetic
acid, diethyl barbituric acid, sodium acetate, tris(hydroxymethyl)methylamino)propanesulfonic acid) (TAPS), 2-bis(2-
hydroxyethyl)amino)acetic acid (Bicine), tris(hydroxymethyl)ammonium methane (Tris), N-(2-hydroxy-1,1-bis (hy-
droxymethyl)ethyl)glycine (Tricine), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 2-[[1,3-dihy-
droxy-2-(hydroxymethyl)propan-2-ylJamino]methanesulfonic acid (TES), and piperazine-N,N’-bis(2-ethanesulfonic
acid) (PIPES).

The preparation method according to claim 15, wherein the buffer solution further comprises an anesthetic agent
and an isotonic agent.

A prefilled syringe filled with the filler comprising a hyaluronic acid hydrogel of any one of claims 1 to 14.
A biomaterial for tissue restoration comprising the hyaluronic acid hydrogel filler of any one of claims 1 to 14.
A method for tissue restoration, comprising injecting the hyaluronic acid hydrogel filler of any one of claims 1 to 14.

A method for wrinkle improvement, comprising injecting the hyaluronic acid hydrogel filler of any one of claims 1 to 14.
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